Basic transcription element binding (BTEB) protein is a newly identified member of the C 2 H 2 zinc finger family that also includes the transcription factors Spl, Sp2, Sp3, and Sp4. This family of proteins binds GC-rich motifs widely distributed in gene promoters, resulting in distinct activation or repression of transcriptional activities. Whereas Sp proteins are ubiquitously expressed, expression of BTEB appears more limited and has not been documented in the female reproductive tract of any mammalian species. This study was designed to identify and characterize the cellular distribution of BTEB in the porcine endometrium and placenta at known stages of pregnancy. Northern analysis of uterine endometrium detected BTEB mRNA that corresponds in size (5 kilobases) to that of the major BTEB transcript in rat brain. The steady-state levels of BTEB mRNA were higher (p < 0.05) in endometrium than placenta at corresponding days of pregnancy, although for each tissue, the levels did not change with pregnancy stage (p > 0.05). Luminal epithelial (LE), glandular epithelial (GE), and stromal (ST) cells isolated from pregnancy endometrium expressed the BTEB gene, but mRNA abundance varied with cell type (LE, GE > ST). Western blot analysis using an antiserum generated against the N-terminal region of a porcine BTEB fusion protein produced in Escherichia coli revealed the presence of BTEB protein only in endometrium, not in placenta. Immunohistochemical studies localized BTEB predominantly to the nuclei of endometrial GE and LE cells. Consistent with the presence of functional BTEB protein, binding to a double-stranded oligonucleotide containing multiple GC motifs was demonstrated in nuclear extracts prepared from endometrium and from endometrial LE and GE, but not ST, cells by electrophoretic mobility shift assay. These results demonstrate the preferential endometrial cell-type expression of BTEB and suggest its regulatory role in pregnancy-associated endometrial epithelial gene expression.
INTRODUCTION
Basic transcription element binding protein (BTEB) is a newly identified member of the C 2 H 2 zinc finger family that also includes the transcription factors Spl, Sp2, Sp3, and Sp4 [1] [2] [3] [4] . This family of proteins binds GC-rich motifs widely distributed within gene promoters, resulting in distinct activation or repression of transcriptional activities. Spl, the most studied member of this transcription factor family, is ubiquitously expressed, albeit at differing levels depending on the cell type and developmental stage [5, 6] , consistent with its designated role as a general transactivator for eukaryotic housekeeping genes, proto-oncogenes, and viral genes [7] . Other Sp family members are also ubiquitously expressed, but they exhibit functional activities that are similar or opposite to that of Spl [8, 9] . By virtue of the high degree of structural conservation among these proteins [2, 4] , it has been postulated that the relative transactivation potentials of these Sp family members may involve competition for occupancy of GC boxes, formation of stable complexes with other nuclear proteins, or direct interactions with each other [9] [10] [11] . In contrast, it is not clear how BTEB functions as a transactivator or transrepressor of gene promoter activity, given its limited homology in primary sequence and domain structure to Spl and Spl-like proteins [12] .
The expression of pregnancy-associated genes by the endometrium is cell-type-specific, stage-of-pregnancy-dependent, and mediated in part by the steroid hormones estrogen (E) and progesterone (P 4 ) [13, 14] . Although E and P 4 modulate gene transcriptional events primarily through their nuclear receptors [15] , increasing evidence has suggested the significance of interactions between these receptors and other transcription factors for steroid-regulated signaling pathways. Of particular interest are the potential functional interactions of nuclear receptors with Spl and related proteins, which may constitute major transcriptional regulatory proteins in "TATA"-less gene promoters [16, 17] . Indeed, interactions between Sp 1 and the E receptor have been suggested to mediate E induction of cathepsin D gene expression [18] . Additionally, functional roles for Spl, Sp3, and Sp4 in the transcription of the pregnancy-associated uteroglobin gene, a well-recognized target of P 4 , whose promoter region is characterized by the absence of a canonical TATA box, have been demonstrated in endometrial cells [19, 20] . Because of the implied significance of Sp-related proteins in endometrial gene expression, the demonstrated overlapping specificity in the DNA-binding activity of Sp and BTEB [21] , and previous data demonstrating that a GC-rich motif present in the 5'-flanking region of the gene encoding the E-and P 4 -regulated porcine endometrial tartrate-resistant acid-phosphatase uteroferrin binds a nuclear protein whose molecular weight is consistent with that of BTEB [22] , we raised the question of whether BTEB might also contribute to the transcriptional regulation of endometrial-associated genes. Whereas Spl is ubiquitously expressed, BTEB appears to be more restricted in expression [23] and hence may be relevant to the mechanisms underlying the differential gene expression observed in individual cell types of the pregnancy endometrium. However, expression of BTEB in the female reproductive tract of any mammalian species has not been documented.
The objectives of the present study were 1) to analyze the endometrial and placental expression of BTEB gene and protein as a function of pregnancy stage, 2) to examine the endometrial cell-type expression and cellular localization of BTEB protein, and 3) to demonstrate functional DNA-binding activity of BTEB in pregnancy endometrium, in the pig model.
MATERIALS AND METHODS

Materials
Reagents and enzymes were purchased from the following vendors: Taq DNA polymerase and restriction endonucleases from Boehringer Mannheim (Indianapolis, IN) 
Animals, Tissue Collection, and Isolation of Endometrial Cell Types
Animal use protocols were approved by the University of Florida Institutional Care and Use Committee. Pigs were bred at estrus (designated as Day 0) after two estrous cycles of normal duration (18-22 days) were observed [24] . Animals at the desired stages of pregnancy were slaughtered at the Meats Processing Facility (University of Florida, Gainesville), and tissues to be used for analysis were immediately removed, frozen, and stored at -80°C. Endometrial luminal epithelial (LE), glandular epithelial (GE), and stromal fibroblast (ST) cells were isolated and cultured as previously described [25] . All three cell types were approximately 95% pure in culture [25] .
Cloning of Pig BTEB cDNA Fragments
A 416 base-pair (bp) fragment of pig BTEB cDNA was generated by PCR of two porcine endometrial cDNA libraries, prepared from Day 12 (unpublished data) and Day 60 [26] pregnant pig endometrial mRNAs, respectively. PCR primer pairs (forward: 5'-CCTACATGGACTTCGTGG-3'; reverse: 5'-ACTTGTGCCTCTITTCGG-3') were designed from the conserved nucleotide sequences of human (nt 1278-1296 and 1679-1697, respectively; GenBank Accession no. D31716) and rat (nt 524-542 and 925-943, respectively; GenBank Accession no. D12769) BTEB cDNAs. Primers were synthesized by the DNA Synthesis Core Facility of the Interdisciplinary Center for Biotechnology Research at the University of Florida. The PCR reaction contained 2 R1 of endometrial cDNA (equivalent to -50 000 plaque-forming units of cDNA library), dNTPs (250 [xM each), and primers (0.4 Rig each) in a final volume of 50 x1l. Optimal Mg 2+ concentration (2.0 mM) and buffer pH (pH 9.0) for the cDNA template-primer combination were established using the PCR optimizer system. The mixture was overlaid with 30 1 of mineral oil, and the amplification process was initiated by heating at 96C for 3 min and then quick cooling in ice, before addition of 1 U Taq polymerase. A total of 30 cycles was used as follows: 95°C, I min; 55°C, 1 min; and 72°C, 1 min. An additional extension cycle was performed for 7 min at 72°C before cooling to 4C. The PCR products were electrophoresed in an agarose gel, purified (Geneclean II system), and subcloned using the TA Cloning system (Invitrogen). Sequence analysis of both strands of subcloned fragments used Sequenase and Sp6 and T7 primers, following the dideoxynucleotide chain termination method [27] . Subsequent sequencing reactions used primers designed from internal cDNA sequences. DNA sequence data (GenBank Accession no. U57346) were analyzed with the Sequence Analysis Software package from the Genetics Computer Group (Madison, WI).
RNA Isolation and Analysis
Total cellular RNA was extracted from tissues and cells using guanidinium-thiocyanate [28] and TRIzol reagent (GIBCO BRL, Gaithersburg, MD), respectively. Poly(A) + RNAs were purified from total RNAs by oligo(dT) cellulose chromatography (GIBCO/BRL) and used for Northern blot analysis as described previously [26] . Dot blots containing total RNA arrays (30 txg per sample) were prepared by using a mini-fold filtration unit (Schleicher and Schuell, Keene, NH). Prehybridization and hybridization of membranes followed published protocols [29] . The porcine BTEB probe was labeled to a specific activity of -109 cpm/ pxg DNA by nick-translation. Membranes were sequentially washed at 42°C for 30 min in double-strength SSC ((singlestrength SSC is 0.15 M sodium chloride, 0.015 M sodium citrate) and 0.1% SDS, and then in 0.1-strength SSC and 0.1% SDS; and blots were exposed to x-ray film (Dupont, Wilmington, DE) with intensifying screens. To correct for differences in sample loading, membranes were stripped (1% SDS at 90°C) and rehybridized with radiolabeled human -actin cDNA probe. Hybridization signals obtained with BTEB and -actin probes, respectively, were quantified by phosphorimage analysis (Molecular Dynamics, Sunnyvale, CA).
BTEB Protein Production in Escherichia coli
Recombinant BTEB protein was produced using the pET system (Novagen, Madison, WI). The porcine BTEB cDNA insert (416 bp) was obtained by EcoRI digestion and ligated to the expression vector pET-24b, which was previously linearized with EcoRI. After transformation of E. coli strain BL21 (DE3) pLysS, a single colony was inoculated in 3 ml Luria broth (LB) medium containing 50 pxg/ml kanamycin and 34 ,ug/ml chloramphenicol and incubated at 37 0 C with shaking until optical density (OD)60o = 0.6. The cells were collected by brief centrifugation, resuspended in 2 ml of fresh LB containing antibiotics, and used to inoculate 25 ml fresh LB + antibiotics. At 0.6 OD 6 00, isopropyl-1-Dthiogalactopyranoside (IPTG) was added (final concentration, 1 mM), and the culture was further incubated for 2.5 h. The cells were collected by centrifugation (5000 X g, 5 min, 4C), resuspended in binding buffer (BB; 20 mM Tris-HC1 [pH 7.9], 0.5 M NaCl, 5 mM imidazole), and sonicated. Cell extracts were centrifuged (5000 x g, 20 min, 4C), and the supernatant was applied to His-Bind columns containing resin-immobilized Ni 2+ (Novagen). After sample application, the column was washed with 25 ml BB, and the unbound proteins were removed in 15 ml wash buffer (BB + imidazole to 60 mM final concentration). BTEB fusion protein was eluted in 15 ml eluate buffer (BB + imidazole to 1 M final concentration), spin-concentrated to -1 mg/ml (molecular weight cut-off, 10 kDa; Amicon, Danvers, MA), and used as immunogen to generate polyclonal antiserum or as standard for Western blot analysis.
Rabbit Anti-BTEB Polyclonal Antiserum
Antiserum to the purified BTEB fusion protein was prepared by Cocalico Biologicals (Reamstown, PA). A New Zealand White rabbit received an injection of 100 $Ag purified porcine BTEB fusion protein mixed with Complete Freund's adjuvant. After primary immunization, four booster injections (each time with 50 jig antigen mixed with incomplete Freund's adjuvant) were administered at biweekly intervals to obtain a high-titer antiserum sufficient for use in Western blot analysis.
Nuclear Extract Preparation
Cells or tissues isolated from different animals at the same pregnancy stages were used for preparation of nuclear extracts [22, 30] . Aliquots were stored at -80°C and used only once.
Immunodetection of BTEB in Nuclear Extracts
BTEB protein was detected by immunoblot analysis as previously described for other proteins [31] . Nuclear extracts were electrophoresed in 10% polyacrylamide-SDS gels, electroblotted to nitrocellulose membranes (BA 85; Schleicher and Schuell), and incubated with rabbit anti-porcine BTEB polyclonal antiserum (1:500 dilution) or normal rabbit serum (1:500 dilution). Membranes were saturated for 30 min in blocking buffer (10 mM Tris, 160 mM NaCl, pH 7.4 [TBS] containing 1% Blotto [nonfat dry milk]) before incubation with antiserum for 16 h at 4 0 C, with gentle shaking. The filter was washed in TBS containing 0.2% Tween-20 and further incubated in 1% Blotto/TBS containing 1 x 106 cpm 125 I-protein A/ml for 2 h at room temperature with shaking. The membrane was washed 2-3 times in TBS containing 0.2% Tween-20, air dried, and exposed to x-ray film for 1-3 days at -80°C. The molecular masses of radioactive bands were determined from the migration positions of prestained molecular size markers (BioRad Laboratories, Richmond, CA).
Electrophoretic Mobility Shift Assay
Electrophoretic mobility shift assays were performed using nuclear proteins (10 pig) and a 5'-end-labeled synthetic double-stranded oligonucleotide (termed GC-box 1) in a total volume of 40 jil [22, 30] . The GC-box 1 oligomer, which represents the sequences located at -768 to -749 bp upstream of the uteroferrin gene promoter [30] , was labeled with [y-32 P]ATP and T4 polynucleotide kinase. Binding competition was carried out by the addition of a 50-fold molar excess of unlabeled double-stranded oligonucleotide competitor and incubation for 10 min at room temperature, before addition of labeled probe and further incubation for 20 min at 37°C. Antibody "supershift" assays used rabbit polyclonal antiserum raised against porcine BTEB fusion protein (from this study) or preimmune rabbit serum, which were incubated with the binding reactions for 30 min at 4°C before addition of labeled probe. DNA-protein complexes were resolved in 6% nondenaturing polyacrylamide gels.
Immunohistochemistry
Immunolocalization of BTEB was accomplished using rabbit anti-rat BTEB antiserum (courtesy of Dr. H. Imataka,
McGill University) at a dilution of 1:500 in PBS containing 1% (w:v) BSA and the avidin-biotin Histocan Universal Rabbit System Immunohistochemical Staining Kit (Biomeda Corp., Foster City, CA). Negative control sections were incubated in normal rabbit serum of the same dilution as the test antiserum. Procedures for tissue fixation, incubation, and color development followed those described previously for other antisera [32] , except that hydrogen peroxide (3%) treatment was increased to 15 min to minimize nonspecific binding, and hematoxylin was used at a 1:1 dilution to visualize nuclear localization of the immunostain.
Other Procedures
Complementary DNA synthesis from total cellular RNA and Southern blot hybridization followed previously described protocols [24] . Protein concentrations were determined by the Lowry method [33] . RNA and DNA concentrations were determined by spectrophotometry.
Statistical Analysis
Differences between numerical values obtained from phosphorimage analysis (Molecular Dynamics) of RNA dot blots were determined by using the General Linear Models procedures of the Statistical Analysis System [34] . Values were considered significant at p < 0.05 and are presented as means SEM.
RESULTS
Expression of Pig BTEB Gene in Endometrium and Placenta
The pig BTEB cDNA fragment (416 bp) cloned by PCR from two separate endometrial (Day 12 and Day 60 pregnant pig) cDNA libraries exhibited high identity (> 92%) with human and rat BTEB cDNA sequences and encodes amino acids 5-143, by analogy to the sequences for human and rat BTEB proteins (data not shown). Since this primary sequence encompasses the N-terminal region upstream of the zinc finger domains, no significant amino acid identity was observed with those for other Sp family members (e.g., Spl, Sp 2 , Sp3, Sp4). Northern blot hybridization was carried out on representative poly(A) + RNAs from pregnancystage endometrial tissues, with the porcine BTEB cDNA as probe. A 5-kb transcript, similar in size to that of the major BTEB mRNA reported for rat brain [3] , was detected in endometrium (Fig. 1A) . Dot blot hybridization of endometrial and placental RNAs extracted from tissues obtained at different physiological stages, followed by phosphorimage analysis (Fig. B) , demonstrated that the relative abundance of endometrial BTEB mRNA was greater (p < 0.005) at estrus than at any pregnancy days, which were not different from each other (p > 0.05). BTEB mRNA levels were similar for Day 30 and 60 placenta (p > 0.05), but were higher in endometrium than in placenta (p < 0.05) at corresponding days. In contrast, levels of P3-actin mRNA were not different for all samples analyzed.
Bacterially Expressed Porcine BTEB and Antiserum
To monitor for the presence of BTEB protein in endometrium and placenta, a specific antiserum to BTEB was generated. A small amount of rabbit anti-rat polyclonal antiserum was initially obtained as a gift from Dr. H. Imataka (McGill University, Montreal, PQ, Canada); however, this FIG. 3 . BTEB protein expression in porcine endometrium, placenta, and ovary. Tissues were isolated at the indicated days of pregnancy and used to prepare nuclear extracts, as described in Materials and Methods. Extracts were analyzed for the presence of BTEB by Western blotting using rabbit anti-porcine BTEB fusion protein polyclonal antiserum (1:500 dilution). Each lane contained 50 jIg of total nuclear protein, except that for the BTEB protein standard (0.5 Lg). Results are representative of three experiments. Endo Px, endometrium of pregnancy; PL, placenta; 0, ovary. Porcine BTEB cDNA was subcloned into the pET-24b expression vector, expressed in bacteria, and purified using a His-Tag affinity column. A) Aliquots of the initial bacterial sonicates (50 jg protein, left) and the final eluate from the affinity column (20 jtg protein, right) were subjected to SDS-PAGE, and the gel was stained with Coomassie Blue dye. B) Aliquots of the bacterial sonicate (50 jag total protein) and the final eluate from the affinity column (0.1 jig protein) were electrophoresed, the resultant gel was transferred to nitrocellulose membrane, and the membrane was incubated sequentially with rabbit anti-rat BTEB antiserum (1:300 dilution) and ' 25 1-protein A. C) The immunoblot pattern of a gel identical to that in B, after incubation with polyclonal antiserum generated against the bacterially expressed porcine BTEB fusion protein (1:500 dilution) in rabbits, is shown. The major immunoreactive protein of 19.4 kDa represents the pig BTEB fusion protein.
FIG. 1. Endometrial and placental BTEB gene expression. A) Poly (A)+-RNAs
was not sufficient to completely evaluate expression of BTEB protein in numerous tissue samples. Since purified BTEB was not available, the pig BTEB cDNA fragment (416 bp encoding 138 aa) was subcloned into the pET-24b vector for expression of corresponding fusion protein in bacterial cells. Induction of transformed cells with IPTG for 2.5 h resulted in overproduction of BTEB, which was isolated from bacterial sonicates and purified to near homogeneity by His-Tag affinity column chromatography ( Fig. 2A) . The identity of the major eluting 19.4-kDa molecular mass protein as BTEB was established initially by Western blot analysis, using rabbit anti-rat BTEB antiserum (Fig. 2B) . The molecular size of the immunoreactive protein is consistent with that predicted for the expressed pig BTEB fusion protein, which consists of 138 amino acids encoded by the BTEB cDNA and an additional 18 and 21 amino acids, respectively, at the amino and carboxyl termini, which are derived from the expression vector. The specificity of the polyclonal antiserum generated in rabbits by using the porcine BTEB-fusion protein as immunogen was assessed by its ability to recognize, the 19.4 kDa BTEB fusion protein in bacterial sonicates and in purified form (Fig. 2C ) and the native 32 kDa BTEB protein in rat brain extracts (data not shown), and its inability to recognize purified Spl protein and the in vitro translated-products of human Sp2 and Sp3 mRNAs (data not shown).
BTEB in Endometrium and Placenta
Rabbit anti-pig BTEB antiserum was used for immunoblot analysis of nuclear proteins extracted from pregnant pig endometrium and placenta. An immunoreactive nuclear protein of 32 kDa, consistent with that reported for rat BTEB protein [22] , was readily detected in endometria of early (Days 12 and 21), mid (Day 60), and late (Day 90) pregnant pigs and from ovaries at Day 12 of pregnancy (Fig. 3) . In contrast, BTEB protein was not detected in placental nuclear extracts (Days 30, 60, and 90).
To demonstrate that the immunoreactive BTEB in porcine pregnancy endometrium is functional, endometrial nuclear extracts were evaluated for their ability to bind GC-box 1 probe, which contains three overlapping GC-rich motifs [22] . Results demonstrated that this fragment formed a specific complex with a nuclear protein(s) from early (Day 12) and mid (Day 60) pregnant pig endometrium, which was supershifted by anti-porcine BTEB antiserum but not by preimmune rabbit serum (Fig. 4) . FIG. 4 . DNA-binding activity of BTEB. Nuclear proteins (10 }tg per reaction) isolated from pregnant pig endometrium (Days 12 and 60) were incubated with GC-box 1 double-stranded oligonucleotides (designated BTEB oligo) in the presence or absence of rabbit anti-pig BTEB fusion protein antiserum or preimmune rabbit serum (control). For each sample, the major (faster) migrating complex (bottom arrow) was "supershifted" to a more slowly migrating complex (top arrow) in the presence of BTEB antiserum, but not control serum. Endo Px, endometrium of pregnancy.
Endometrial Cell-Type Expression of BTEB
To determine whether endometrial BTEB gene expression is cell-type-specific, GE, LE, and ST cells isolated from Day 12 pregnant pig endometrium were examined for the presence of BTEB mRNAs and protein. BTEB mRNAs were detected in epithelial (GE and LE) and ST cell types, by reverse transcriptase (RT)-PCR (Fig. 5, top) . Nuclear extracts were prepared from these cell types and analyzed for ability to bind the GC-box 1 fragment. Results demonstrated the presence of GC-box 1 binding activity in nuclear extracts prepared from GE and LE but not ST cells (Fig. 5, bottom) . The major complex (complex 2) represents the GC-box 1 motif bound to BTEB, since it migrated at the same position as those observed with nuclear extracts prepared from endometrium at Days 12 and 60 of pregnancy (Fig. 4 ) and was supershifted with BTEB antiserum (data not shown). A minor, more slowly migrating complex (complex 1) was additionally observed in these nuclear extracts.
Immunolocalization of Endometrial BTEB
BTEB immunostaining was detected predominantly within nuclei of cells constituting the endometrial luminal and glandular epithelia and was sparse in the underlying stromal nuclei (Fig. 6, a and c) . Cytoplasm of epithelial cells showed no immunostaining for BTEB. Nuclear immunostaining was not observed when normal rabbit serum was used in place of anti-BTEB antiserum (Fig. 6, b and  d) . In addition, no immunoreactive BTEB protein was detected in sections from Days 60 and 90 placenta (data not shown).
DISCUSSION
The present study is the first to examine the female reproductive tract of any mammalian species during pregnancy for the presence of the Sp-related transcription factor BTEB. Results of this study demonstrated that BTEB pro- tein is preferentially synthesized by the pregnancy endometrium, and within this tissue, predominantly by the epithelial cells of the uterine glands and lining. Consistent with its DNA-binding activity, BTEB protein was localized exclusively within nuclei of expressing cells and was absent in cytoplasm. In the placenta, BTEB gene although transcribed, appeared not to be translated to corresponding protein or if so, only at very low levels that were undetectable by Western blot and DNA-binding assays. Taken together, these results indicate that BTEB gene expression is preferential to the endometrial epithelium, is regulated posttranscriptionally in a tissue-and/or cell-type specific manner-most likely at the levels of translation or posttranslation, and may underlie the endometrial expression of pregnancy-associated genes.
The N-terminal region of pig BTEB was used to generate monospecific polyclonal antibody in this study, since this region is relatively specific for each individual member of the Sp family. Using this reagent, a 32-kDa protein corresponding closely in size to that reported for the rat and human proteins [23] was detected in endometrium at estrus and pregnancy stages and in ovary, but not placenta. Additionally, a single transcript of 5 kb, similar to the major BTEB RNA transcript reported for rat and human tissues and cell lines [3, 23] , was detected in porcine endometrium. The presence of immunoreactive BTEB (visualized as red staining) was identified by methods described previously [32] . Sections were counterstained with aqueous hematoxylin and viewed by light microscopy. x40.
These results are consistent with the high degree of conservation of the amino acid and nucleotide sequences of BTEB in mammals and demonstrate a more ubiquitous expression of BTEB than was previously inferred [23] .
It is of interest to note that of the three major cell types comprising the endometrium, only GE and LE cells exhibited DNA-binding activity for the GC-box 1 motif, as detected by the highly sensitive gel shift assay. The lack of similar activity in ST cells is not a function of short-term culture (7 days) since nuclear extracts prepared from freshly isolated ST cells also displayed no complex formation with the probe containing the BTEB recognition site (data not shown). Consistent with this, BTEB was immunolocalized predominantly to LE and GE and was only sparsely distributed in ST, cells of the pregnancy endometrium. These results suggest that the function of BTEB in pregnancyassociated gene expression may be modulated in part by its induced expression as well as increased DNA-binding activity in epithelial cells. Whether the preferential expression of BTEB to endometrial epithelium is correlated with transactivation of a number of porcine endometrial genes whose cell-type-specific expression has been increasingly documented remains to be clarified. These genes include those encoding uteroferrin and antileukoproteinase, which are highly expressed in GE, relative to LE and ST [25] ; spermidine/spermine N'-acetyltransferase gene, which is expressed at higher levels in LE than in GE and ST cells (LE > GE >> ST) [35] ; and insulin-like growth factor-I, which is expressed by all cell types of the periimplantation endometrium (unpublished results).
The apparent lack of correlation in the relative levels of BTEB mRNA and GC-box 1 DNA-binding activity in endometrial GE cells raises several interesting possibilities, including limited translation of BTEB protein in GE, relative to LE cells; posttranslational modifications of BTEB protein specific to GE cells, which may lower its binding affinity for the GC-motif; and the presence of proteins that bind BTEB to modify its DNA-binding properties in GE but not LE cells. Although it is not possible to identify the relevant mechanism underlying the above observation at the present time, it is worthwhile to note the demonstrated cell context-dependent posttranscriptional regulation of the BTEB gene [23] and the alterations in DNA-binding activities of transcription factors upon posttranslational modifications [36] or binding to other cellular proteins [37] . Alternatively, the nonquantitative nature of the PCR methodology might simply explain this apparent discrepancy.
The predominant nuclear location of BTEB in endometrial cells and its absence in the cytoplasm are reminiscent of sex steroid hormone receptors and contrast with those of STAT transcription factors, which are primarily cytoplasmic in location until translocated to the nucleus upon phosphorylation [38] . However, it is not known whether BTEB, like the steroid nuclear receptors whose transcriptional (DNA-binding) activities are induced by the binding of respective ligands [15] , binds to DNA directly or requires the presence of other ligands or proteins for stable complex formation with target genes in vivo. Indeed, results from our gel shift assays cannot determine whether BTEB binds as a monomer, homo-, or hetero-dimer. Interestingly, while only the major, faster-migrating complex was observed in nuclear extracts prepared from whole endometrium, a minor, more slowly migrating complex was additionally detected in nuclear extracts prepared from isolated endometrial epithelial cells; the latter may represent a homo-or hetero-dimeric complex with BTEB. In support of this, members of the Sp family of transcription factors are known to interact with different proteins, including each other and the steroid hormone receptors, to regulate gene transcription [9-11, 18, 39] . Thus, it is likely that BTEB might interact with similar proteins, although the transactivation domains of BTEB, which are rich in hydrophobic amino acids [12] , differ from those of Sp family members, which are generally serine-threonine-glutamine-rich [1, 40] .
In summary, the cell-type-specific expression, nuclear location, and DNA-binding activity of BTEB in the pregnancy endometrium are consistent with its potentially important contribution to transcriptional activation and/or repression of pregnancy-associated genes. Further studies are now required to identify endometrial BTEB target genes and the consequence of their transcriptional regulation to uterine phenotype and function during pregnancy.
